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Introduction @

Avalanche Diodes

[ 1] Passivation Metal

. Lo Description
) - e «Reach-through» structure with p-type layer just below n+ electrode
* Multiplication layer underneath the pixel
Mot * Lightly-doped absorption layer
Challenges
1. Strong variation of electric field at pixel edge
e Requirement of introducing discontinuities in multiplication
layer
2. Charge-collection noise
* Intrinsic time jitter
Solutions
1. Increasing pixel size
2. Thinning the avalanche diode

t
Channel Guard p-stop
Stop Ring

wrl gz

p-type Multiplication Layer
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Introduction @

PicoAD
[2] —
Description
g *  Multi —junction monolithic silicon pixel detector
————————————— * (NP)pier(NP)gain structure

* 1stepitaxial layer: Primary absorption region;
* Gain Layer: Uniform deep NP junction;
» 2nd epitaxial layer: Drift region

Advantages
* @Gain layer far from the pixels

* Less subject to strong variation of the electric field

* Continuous gain layer
* It removes the inter-pixel zones of degraded time resolution

e Absorption region arbitrarily thin

* Reduces charge-collection noise

* Does not increase significantly pixel capacitance

h
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Processing @

Current concept

15t epitaxy on low ohmic Gain layer implantation 2nd epitaxy SG13G2 IHP process
substrate (3]

Large collection electrode

l l l l l l l l with circuitry
2" epitaxial layer- drift region 2" epitaxial layer- drift region

»

Gain layer
15t epitaxial layer- absorption region

Gain layer
15t epitaxial layer- absorption region

Substrate Substrate

» Gain layer
15t epitaxial layer- absorption region 15t epitaxial layer- absorption region
Substrate Substrate

3 to 5 um epitaxy B and As implantation 15 to 25 pum epitaxy

Challenges/issues: Wafer flatness after 2"d epi might be not sufficient for litho processes of 130nm CMOS
Non-negligible risk of introducing defects on the surface of the thicker epitaxial drift layer
Time consuming when done with IHP dichlorsilane-based process at 850°C
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Experiments

IHP contribution
15t and 2"9 epitaxies (low Ttool at IHP) 50 um epi layer (Globitech)

Gain layer implantation Pre-process polishing
SG13G2 BiCMOS process SG13G2 BiCMOS process

(3]

Large collection electrode
with circuitry

2nd epitaxial layer- drift region

Gain layer

15t epitaxial layer- absorption
region

Substrate

15t and 2" epitaxies (Globitech)
Masked gain layer implantation
SG13G2 BiCMOS process (yet to
be started)
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ATTRACT MONPicoAD

Structure

* Heavily p-doped substrate (0.1 Qcm)

* 5 um thick epitaxial layer (absorption region)

* Masked gain Layer (with litho marks)

e 10 um epitaxial layer (drift region)

 |HP 130 nm SiGe BiCMOS front-end electronics and pixels
* Metallization
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Experlments tATTRAET

ATTRACT MONPicoAD: Epitaxies

Dichlorsilane-based epitaxy:
e 1stepitaxy on a low resistivity B-doped substrate
* 5 pum B-doped (3x10%* cm3) layer

. nopm lem]o. )ndepitaxy after gain layer implantations
— =] -
e * 10 um B-doped (3x10** cm?3) layer
gm3 1 J i — ::;: 261'60 NA + ND 1/2
E e Wa S 1T\ Ty Wotv)

-1
01010 10]] 10]2 10]3 1014,1015 1015 10]7
NA or ND (cm™)
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ATTRACT MONPicoAD: Epitaxies

Disadvantages:
* Time consuming
e Risk of introducing defects
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ATTRACT MONPicoAD: Epitaxies

Disadvantages:

Time consuming
Risk of introducing defects

O
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Experiments tATTRAET D

ATTRACT MONPicoAD: Gain Layer

Challenges

l l Gain layer * Direct junction between drift and gain region
implantation

l l l l l l at the edge of e Excess current in device may be produced
%—/ the sensor

Cross section

" Implanted area

Top view
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2

ATTRACT MONPicoAD: Gain Layer

Gain layer
20 implantation
um/ 80 pum far

from edge of
sensor

Cross section

= = = =
T
4 80 um
— el
Top view [ Implanted area

Challenges
Direct junction between drift and gain region

* Excess current in device may be produced

Solution
A mask is used for implantation

e @Gain layer ends 80 um far from chip edge
* Dedicated litho marks processed after 1 epi
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Structure %‘5 LOBITECH
DESIGNING EP| SOLUTIONS
* Heavily p-doped substrate

e ~46 um thick epitaxial layer (p=200+500 Qcm)
e ~4 um thick epitaxial layer (p=15+25 Qcm)

pi2 P/Boron/Res 16.44-24.54/Thk 3.57-3.92

* Front-end electronics and pixels
* Metallization

. by
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Experiments \_"'F ‘755:217

Challenges

Gruppe A  GruppeB

Gruppe C

11
14
17
20
22
25

£
2
)
<
90,
(]
T
S
W\

—+—Wafer 1
—a—Wafer 2
—d—Wafer 3
——Wafer 4
——Wafer 5
—a—Wafer 6
——Wafer 7
——Water 8
——wafer 9
—+—Wafer 10
——Wafer 11
—a—Waer 12
——Wafer 13
——=Wafer 14
——Wafer 15
——Wafer 16
——Wafer 17
——Wafer 18
—+—Wafer 19
~=#=Waer 20
Wafer 21
=——Wafer 22
e Wafer 23
Wafer 24
Wafer 25

Global Wafer flatness

measured through

autofocus feature of

Nikon litho tool

3 profile groups

individuated

* 3 AMAT Centura

epi reactor
chambers

Not sufficient for litho

processes of 130nm

CMOS
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Experiments < rdS.

-17 :

Chemical Mechanical Polishing
* Mirra Mesa from AMAT
e 5 different pressure zones
* Proper recipes for each zone
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Outcome
* PCM Measurements in spec

7t Y} X Solution
@ 2 =B 2 s o z oz * Better epi homogeneity
21 e 2 s 2« = 25 '._m_.:._m_.‘.zﬂ._m * wafer-to-wafer

+ Y —4- L —— * only one chamber
I I I I . I I I [ . -

S B B » ;9,_.6—, S P R P B across wafer |

' = | 7:2,_{-0.5 ¥ ! : A * Thinner epi layer
o I oA A I oo
! ! ! o s : : !
[ [ 1 Rid 5 |\ 1 1 |
i 027 : VL

: : |
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PicoAD sensor
Large collection gsh SNE EIP \-!5-0 LEUTCH)::
Structure x
L e Heavily p-doped substrate
nd epitaxial layer- drift region
" e 3+5 um thick epitaxial layer (absorption region)
1t epitaxial layer- absorption . .
reglon * Masked gain Layer (no litho marks)

e 15+25 um epitaxial layer (drift region)
 |HP 130 nm SiGe BiCMOS front-end electronics and pixels
* Metallization
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EB) Experiments MONOLITHIT @

PicoAD sensor: Epitaxies %%?Hh&&'p?oif?oﬂ
00GIobaI Wafer Flatness

* Thinnest epitaxies (15t=3um; 2"=15um)

* Most critical slope of 18.2 nm/mm

* Thickest epitaxies (15=5um; 2"9=25um)

* Most critical slope of 49.6 nm/mm

0

-100
-0.4

-0.6
-0.8

Height (um)

-1
-1.2

-1.4
Radius (mm)

SDY0OS6A —@—SDY097B

15t Epi (um) | 2" Epi (um) | Name
15 SDY096A

25 SDY096B
SDY097A

3

15
25 SDY097B
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GLOBITECH

00GIobaI Wafer Flatness %
* Thinnest epitaxies (15t=3um; 2"=15um)

* Most critical slope of 18.2 nm/mm

* Thickest epitaxies (15t=5um; 2"4=25um)
1 * Most critical slope of 49.6 nm/mm

- e FASER succesfully processed wafer
* Most critical slope of 65.9 nm/mm

PicoAD sensor: Epitaxies

0

-100

-0.6
-0.8

Height (um)

-1.4
Radius (mm)

SDY0OS6A —@—SDY097B —@—FASER

15t Epi (um) | 2" Epi (um) | Name
15 SDY096A

25 SDY096B
SDY097A
SDY097B

3

15
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PicoAD sensor: Gain Layer

—— T~ 1 Constraints
—— 3 °As_SDY094_w02| [ )
——*3i"As_SDY095 wo7| | ° As surface concentration
—— *°Si "*As_SDY095_w08| [ o
—— **Si "As_SDY095_w09| [ ‘ Upper Ilm_'t _
e Globitech requirement (reactor
chamber contamination)
* Lowest possible

* To minimize outdiffusion

®*As Concentration [atlcmg]
[spolAnsuaju)

)

Depth [nm]
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Experiments MONOLITHI|

PicoAD sensor: Gain Layer

! I
—— gi®As_SDY095_ w07
——""B_SDY093_ w02

*As, "B Concentration [at/cm’]

Depth [nm]

Constraints

As surface concentration
* Upper limit
e Globitech requirement (reactor
chamber contamination)
* Lowest possible
e To minimize outdiffusion
Upper limit in energy for the B implantation
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Experiments MONOL.I

PicoAD sensor: Gain Layer

15um 2nd epi:

Thickness 2nd epi

Slots (as
processed)

Zeilen

3 SDY096  WO01-06 1,4,7,10
15um (25 w) 3um (12 w) 35 2,5,8,11
4 (6w) 3,6,9
25 WO07-12 1,4,7,10
25 2,58,11
4.5 (6w) 36,9
3 SDY097 W01-07 147,10
5um (13 w) 35 25811
4 (7 w) 3,69
25 W08-13 1,4,7,10
2.5 25811
4.5 (6 w) 3,6,9
25um 2nd epi:
Thickness 2nd epi Thickness 1st epi | As gain layer doses name | Lot Wafers Zeilen
4 SDY0%6  W13-18 1,4,7,10
25um (24 w) 3um (12 w) 4.5 2,5,8,11
5 (6 w) 3,6,9
35 W19-24 1,4,7,10
3.5 2,58,11
4.75 (6 w) 3,6,9
4 SDY097 W14-19 1,4,7,10
5um (12 w) 5 2,5,8,11
5 (6 w) 3,6,9
3.5 W20-25 1,4,7,10
3.5 2,5,8,11
4.75 (6 w) 3,6,9

49 Wafers
25 wafers -> 15 um 2" epi

12 wafers -> 3 um 15t epi
13 wafers -> 5 um 15t epi

24 wafers -> 25 um 2" epi
12 wafers -> 3 um 15t epi
12 wafers -> 5 um 15t epi

3 gain layer variants each wafer

3 gain layer variants each wafer
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Conclusion

[2]

Outcomes

15t prototype fabrication Functional chips delivered
Functional chips delivered Manually controlled CMP needed
Very promising results [2, 5] Measurements ongoing

Currently tested in a particle beam

(3]

Large collection electrode
with circuitry

2nd epitaxial layer- drift region

Gain layer

15t epitaxial layer- absorption
region

Substrate

Globitech epitaxy can be exploited

up to 25 um

Alignment accuracy limited to ~100

Hm
BiCMOS process yet to be started
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